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Abstract 
In this paper, patched grid technology and RANS equations are applied to the simulation of viscous flow filed of 
isolated propeller and a propeller-driven solar UAV. A complementary experimental and computational investigation 
of a propeller aerodynamics and characteristics of the slipstream are performed here, the computational results of 
propeller aerodynamics are in good agreement with experimental data. Also it shows that the method can correct 
predict the characteristics of the propeller slipstream. Then the flow field of a solar-powered UAV which has eight 
propellers is simulated, the aerodynamic performance is also discussed, the propeller slipstream change the local 
attack angle of wing which immersed in it and increased dynamic pressure of the fluid. The result shows that 
propeller slipstream alter the pressure distribution of the wing, which increase the lift and drag coefficients of the 
UAV. 
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1. Introduction 
Electric propeller engine has been widely used on solar powered UAV as the propulsion system. 
Compare to other propulsion system, the aerodynamic performance and the handling qualities of 
propeller-driven aircraft are strongly dependent on the contribution of the propulsion system. The purpose 
of this investigation is to attain a better understanding of the aerodynamic interference between the 
propeller and the wing for a solar powered UAV. Therefore, in order to validate the aerodynamic 
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performance and the handling and stability characteristics of the UAV, we should try to predict the 
propeller wing aerodynamic interference. 
2. Propeller Slipstream 
The propeller slipstream is a very complex flow, it has a strong swirl velocity and the axial flow 
component increases in streamwise direction so it is very difficult to predict the propeller wing 
aerodynamic interference. 
To solve this problem, a lot of investigations were carried out by researchers and a series of methods 
were set up. Three methods are mainly used: the vortex lattice method (VLM), the panel method and the 
actuator-disk model method. These methods introduced some approximations due to the complexity of 
the propeller wing aerodynamic interference. The VLM method is based on potential flow theory, so it is 
only valid in the linear aerodynamic region. And it is unable to get accurate values of chordwise pressure 
distribution because the wing thickness is neglected in this method. The panel method solves the 
linearized potential equations, so the geometry of the slipstream wake model must be modelled before the 
calculation. Both the VLM and the panel methods do not account for viscous effects. The actuator-disk 
model worked with Euler/N-S equations has been widely used in the propeller wing interaction studies. 
But in this method, the propeller has been simplified as a zero thickness disk so that the shape and the 
number of the propeller blades are neglected. Obviously, it has some limitation when these solution 
methods were used to predict propeller wing aerodynamic interference. Now, because of the rapid 
development of computer technology and the improvement of the Computational Fluid Dynamics (CFD), 
it is possible to analysis the propeller wing interference without introduce any approximations. In this 
investigation, patched grid technology was applied to the viscous flow filed both of an isolated propeller 
and a solar powered UAV based on structured grid and Reynolds-averaged N-S equations. 
3. Computational Strategy 
3.1 Governing Equation and calculation method 
The 3-D Reynolds-averaged N-S equations for unsteady compressible flows can be written in the 
integral form as: 
0
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Here V is the control volume while S, n, f are the closed boundary surfaces of the volume, the vector 
outward normal to S and flux vectors through the volume respectively. 
In this investigation, the Multiple Frames of Reference technology has been used and this allows 
analysis of the domains that are rotating relative to another. The propeller blade and the small area around 
it can be seen as the rotating domain while the rest are the stationary domain. The flow in each domain is 
solved using the rotating reference frame equations. If the domain is stationary ( 0Z  ), the stationary 
equations are used. At the interfaces between different domains, a local reference frame transformation is 
performed to enable flow variables in one domain to be used to calculate fluxes at the boundary of the 
adjacent domain. Each domain uses the absolute velocity formulation, the governing equations in each 
domain are written with respect to its reference frame, but the velocities are stored in the absolute frame. 
So there need no special transformation at the interface between two different domains. The scalar 
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quantities such as static pressure, static temperature, density, are simply obtained locally from adjacent 
domains. 
3.2 Generation of Grids 
Structured patched grids used for the computation of an isolated propeller and a solar powered UAV 
were generated (Fig1-2). It is necessary leaving a cylindrical hole at the position of the propeller. Thus 
there are two grid blocks, one is the rotating block and the other is the stationary block. 
      
Fig.1 Structure patched girds of isolated propeller            Fig.2 Patched grids of the solar powered UAV 
4. Propeller Wing Aerodynamic Interference of Solar Powered UAV 
4.1 Isolated propeller 
In order to study the interactions of propeller wing, it is necessary to analysis the aerodynamic 
performance of the isolated propeller first. The geometry and the grid of the propeller are shown in 
Figure1, the propeller has two blades and the radius is 0.6m. The grid of the propeller flow field is made 
up of 5,000,000 points. The flow parameters of the simulation correspond to conditions used in the 
experiment, with a flow speed of V=13m/s, the propeller rotating speed is n  1200ˈ1500ˈ1800ˈ
2000rpm and the advance ratio J=0.53ˈ0.42ˈ0.34ˈ0.31. Figure3 shows the 3-D streamline of the flow 
filed of the propeller. It can be seen that the stream has a swirl velocity after it passed through the 
propeller. The direction of the swirl velocity is the same as the propeller blade rotation direction. It¶s also 
clearly that the slipstream contracts through the propeller. And the contraction of the slipstream at J=0.53 
is smaller than that of J=0.31, so the degree of the contraction of the slipstream is determined by the 
advanced ratio. The conclusion is very important for it is necessary to determine the dimensions of the 
wing part that is immersed in the slipstream to predict the propeller wing interference. 
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(a) 1200 0.53n rpm J                               (b) 2000 0.31n rpm J    
Fig.3 Streamline of the propeller 
 
The comparison of computational results and experimental data of propeller¶s thrust, torque are 
shown in table1-2. The calculated results are in good agreement with experimental data. It is indicated 
that the method used in this paper is suitable for the analysis of the propeller wing interference. 
Table 1.Comparison of computational and experimental results of propeller thrust  
n(rpm) computational (kgf) experimental (kgf) 
1200 10.57 10.54 
1500 19.44 19.45 
1800 30.58 30.34 
2000 39.32 39.21 
Table 2.Comparison of computational and experimental results of propeller torque  
n(rpm) computational (kg*m) experimental (kg*m) 
1200 1.59 1.56 
1500 2.66 2.54 
1800 3.91 3.71 
2000 4.88 4.64 
4.2 Aerodynamic performance of a solar UAV 
The geometry and the surface grid of the solar powered UAV are shown in Figure2. The propellers 
on left side are rotating clockwise while others on the right side counter-clockwise. The complete field 
grids for the model are about 24,000,000 points in total. In order to investigate the propeller wing 
aerodynamic interference, the aerodynamic performance of the UAV propeller on case and propeller off 
case is compared. 
The aerodynamic conditions are Mach number Ma=0.1, Reynolds number Re=3.5E+05 which is 
based on the mean chord of the UAV, propeller rotating speed n=1500rpm. 
Figure4 shows the comparison of the pressure coefficient on the up surface of the UAV at alpha=0e. 
Compare to the propeller off case, the pressure coefficient is changed on the upper surface of the wing as 
the result of the propeller slipstream. The wing on the blade going up side has increased leading edge 
suction while the other side has decreased leading edge suction compared to the propeller off case. This is 
because the propeller slipstream has influence on the flow over the wing: 
1) The high axial velocity induced by the propeller increase the dynamic pressure of the fluid in the 
slipstream. Figure5 shows the comparison of Mach number distribution on the 50% chordwise section of 
the UAV. It is clear that the Mach number distribution on the section has changed due to the slipstream. 
The flow in the slipstream has a higher velocity compared to the propeller off case. 
2) The swirl velocity of the slipstream changes the local attack angle of the wing which immerse in it. 
The propeller induced upwash at the up going blade side leads to an increased local attack angle while 
downwash at the down going blade side leads to a decreased local attack angle. Figure6 shows the 
pressure coefficient of the wing on both sides of the propeller. The wing has a increased lift at the up 
going blade going side and decreased lift at the down going blade side. 
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(a) Propeller off                                                      (b) Propeller on 
Fig.4 Comparison of the pressure coefficient on the surface of the UAV 
 
 
(a) Propeller off                       (b) Propeller on 
Fig.5 Comparison of Mach Number on the cross section of the UAV 
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(a) downgoing blade side                            (b) upgoing blade side 
Fig.6 Comparison of the pressure coefficient 
 
Figure7 shows the comparison of the lift and drag coefficient of the solar UAV. The higher dynamic 
pressure values in the slipstream at propeller on case lead to a higher local lift and drag coefficient. So the 
lift and drag coefficients of the solar powered UAV are increased compared to the propeller off case. 
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 (a) lift coefficient                                  (b) drag coefficient 
Fig.7 Comparison of the lift and drag coefficient 
5. Conclusions 
The structured patched grids and Reynolds-averaged N-S equation have been applied to the 
simulation of the isolated propeller and a solar powered UAV. 
1) The comparison of the calculation results and experimental data shows the method used in this 
paper is valid. 
2) The propeller slipstream alters the pressure distribution of the wing for it changes the local attack 
angle of wing which immerse in it. 
3) The slipstream increased dynamic pressure values in the slipstream at propeller on case which 
leads to an increase in the lift and drag coefficient of the UAV. 
This paper gives only a preliminary numerical conclusion, it needs a lot of wind tunnel testing for 
further verification. 
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